The Environmental P r o t e c t i o n Agency (EPA) has i n i t i a t e d measures t o i n c r e m e n t a l l y ban t h e l a n d d i s p o s a l o f hazardous wastes generated i n t h e U n i t e d States. Wastes cont a i n i n g t o x i c metals and cynaide complexes have been s e l e c t e d as a group t o be r e s t r i c ted. Many o f these wastes have been i d e n t i f i e d as s i g n i f i c a n t sources c o n t r i b u t i n g t o gcoundwater contamination when l a n d f i l l e d o r l a n d t r e a t e d . i d e n t i f y and q u a n t i f y a p p l i c a b l e a l t e r n a t i v e t r e a t m e n t t e c h n o l o g i e s which have t h e potent i a l t o t r e a t , reduce o r render nonhazardous t h e s e wastes. n a t i v e treatment processes w i l l be presented.
INTRODUCTION
Waste Descri p t i on An estimated 7.9 b i l l i o n g a l l o n s o f metal b e a r i n g wastes, 4.7 b i l l i o n g a l l o n s o f cyanide wastes and 0.8 b i l l i o n g a l l o n s o f r e a c t i v e wastes c o n t a i n i n g cyanides were generated i n t h e U n i t e d S t a t e s i n 1983 (1). C u r r e n t l y 85% o f a l l metal and cyanide b e a r i n g wastes t h a t a r e subjected t o l a n d d i s p o s a l a r e aqueous ( < 1% t o t a l s o l i d s ) . Due t o t h e h i g h g e n e r a t i o n r a t e associated w i t h t h i s category, a l a r g e c a p a c i t y o f waste treatment processing w i l l be required. Technologies t o be considered as a l t e r n a t i v e s t o l a n d d i sposal p r a c t i c e s must demonstrate an acceptable l e v e l o f treatment b e f o r e these processes w i 11 be p e r m i t t e d f o r operation. Treatment standards f o r many waste codes a r e being e s t a b i l s h e d through case s t u d i e s , demonstration p r o j e c t s and p i 1 o t studies.
Discussion o f how v a r i o u s treatment processes can achieve acceptable treatment o b j e c t i v e s can be g e n e r a l i z e d by t h e approach presented i n F i g u r e 1. t h i s s i m p l i f i c a t i o n o f waste treatment o p t i o n s does n o t account f o r a l l metal b e a r i n g wastes, a m a j o r i t y o f t h e s e wastes w i l l be t r e a t e d by some aspect o f t h e p r e s c r i b e d waste t r e a t m e n t s t r a t e g y .
Although Hazardous wastes which can be categ o r i z e d as metal and cyanide b e a r i n g wastes a r e i n c l u d e d i n each o f t h e f i v e source desi g n a t i o n s f o r hazardous wastes as d e s i g n a t -
The source c a t e g o r i e s are:
,ed by EPA (2).
D -wastes which a r e hazardous because t h e y e x h i b i t a p a r t i c u l a r hazardous c h a r a c t e r i s t i c , such as t o x i c i t y ;
F -wastes from n o n -s p e c i f i c sources; K -wastes from s p e c i f i c sources;
P -a c u t e l y hazardous c o n s t i t u e n t s and U -t o x i c c o n s t i t u e n t s
The m a j o r i t y o f m e t a l l c y a n i d e wastes generated i n t h i s c o u n t r y a r e c h a r a c t e r i st i c t o x i c metal wastes (D) and wastes t h a t r e s u l t from e l e c t r o p l a t i n g and metal t r e a ti n g processes (F).
Table 1 i l l u s t r a t e s t h e generated waste d i s t r i b u t i o n f o r b o t h metal and cyanide wastes.
Other hazardous wastes c o n t a i n i n g meta l s and/or cyanide c o n s t i t u e n t s a r e genera t e d f r o m speci f i c i ndust r i a l sources (RCRA Code K ) ; such as i n o r g a n i c chemicals and pigments (KO02 t h r u 8), petroleum Source: Reference I I r e f i n i n g (K052), i r o n and s t e e l (K061, K062), secondary l e a d (K06P, K100) , and i n k f o r m u l a t i o n s (K086). S a l t s o f t h e v a r i o u s metal i o n s and cyanide complexes are l i s t e d i n P a r t 261.33 ( e ) and ( f ) as d i s c r e t e chemical c o n s t i t u e n t s o f discarded commerci a1 chemical products, o f f -s p e c i f i c at i o n species, c o n t a i n e r residues and s p i l l residues o f a c u t e l y hazardous (P) and t o x i c ( U ) wastes, r e s p e c t i v e l y . Metal i o n s a r e p r e v a l e n t i n many forms based upon t h e t y p e o f i n d u s t r i a l processes and uses employed (2).
A l t e r n a t i v e Treatment Processes
Due t o t h e w e a l t h o f i n f o r m a t i o n found i n t h e 1 i t e r a t u r e d e s c r i b i n g p r e t r e a t - Processes w i l l be l i s t e d and synopsized f o r each main category i n c l u d i n g a d e s c r i p t i o n o f t h e i r c a p a b i l i t i e s , advantages and l i m it a t i o n s encountered and s i g n i f i c a n t r e s u l t s 1 ending re1 evance t o standards and regulat i o n s . The processes l i s t e d i n t h i s review a r e t o have p o t e n t i a l f o r use t o t r e a t t h e l i s t e d wastes. Regulatory and p e r m i t t i n g requirements f o r i n s t a l l a t i o n and o p e r a t i o n o f t h e t e c h n o l o g i e s presented may vary among l o c a l , s t a t e and f e d e r a l a u t h o r i t i e s .
Waste Treatment Processes
T r a d i t i o n a l approaches used t o t r e a t aqueous metal b e a r i n g wastes o t h e r than l a n d d i s p o s a l i n c l u d e : p r e c i p i t a t i o n , reduction, stabilization/solidification, cyanide d e s t r u c t i o n and b i o l o g i c a l t r e a tment. Some o f these approaches w i l l be discussed here.
P r e c i p i t a t i o n P r e c i p i t a t i o n i s t h e most p r e f e r r e d t r e a t m e n t process employed t o remove t o x i c heavy metal s from e l e c t r o p l a t i n g wastewaters. T h i s method i s used by approxim a t e l y 75% o f t h e e l e c t r o p l a t i n g f a c i l i t i e s t r e a t i n g aqueous metal b e a r i n g wastes. The b u t k o f e l e c t r o p l a t i n g wastewater treatment sludges a r e u s u a l l y i n t h e form o f metal hydroxides (4). P r e c i p i t a t i o n techniques c u r r e n t l y b e i n g p r a c t i c e d on spent process waters i n c l u d e hydroxide, l i m e and/or s u l f i d e treatment. Table 2 l i s t s g e n e r i c a l l y and s p e c i f i c a l l y t h e types o f wastes t r e a t e d by s u l f i d e and l i m e p r e c i p i t a t i o n , r e s p e c t i v e l y . 
T o x i c (UXXX)
S a l t s o f : and Hazardous Mercury ( P X X X ) C o n s t i t u e n t s : Lead T h a l l ium Arsenic Cadmium S i 1 v e r Antimony Vanadium
Source: Reference 1
(1) S u l f i d e P r e c i p i t a t i o n -S u l f i d e p r e c i p i t a t i o n i s a process t h a t produces t h e p r e c i p i t a t i o n o f a metal i o n as a metal s u l f i d e (MS) hrough t h e r e a c t i o n of metal i o n (M +$ ) and a s u l f i d e i o n ( SMost heavy metals associated w i t h e l e c t r op l a t i n g wastes w i l l form r e l a t i v e l y s t a b l e I metal i o n s . Exceptions t o t h i s r u l e i n c l u d e t h e t r i v a l e n t chromic and f e r r i c ions. The two processes c u r r e n t l y employed t o p r e c i pi t a t e metals as s u l f i d e s a r e s o l u b l e s u l f i d e p r e c i p i t a t i o n (SSP) and i n s o l u b l e s u l f i d e p r e c i p i t a t i o n (ISP).
compounds, such as, NaHS which y i e l d r e l at i v e l y h i g h e r c o n c e n t r a t i o n s of d i s s o l v e d s u l f i d e t h a n t h e I S P process. 
i o n s t o reduce hexavalent chromium t o i t s t r i v a l e n t s t a t e . T h i s e l i m i n a t e s t h e need t o segregate and t r e a t chromium wastes separately. A genera l i z e d t r e a t m e n t scheme f o r t h e I S P process i s i l l u s t r a t e d by F i g u r e 2 ( 5 ) .
SSP processes use water-sol u b l e s u l f i d e
As a r e s u l t ,
The I S P process mixes t h e wastewater T h i s has t h e e f f e c t o f c o n t r o lf i l t r a t i o n . E f f l u e n t s and r e s i d u a l wastewaters c o n t a i n i n g excess hydroxide may r e q u i r e n e u t r a l i z a t i o n b e f o r e discharge. Sludges p r e c i p i t a t e d from t r e a t m e n t may r e q u i r e f i xat i on o r encapsul a t i on t o ensure post d i s p o s a l n o n -l e a c h a b i l i t y . Because t h e optimum pH f o r hydroxide p r e c i p i t a t i o n i s d i f f e r e n t f o r each metal i o n , treatment o f mixed-metal aqueous wastes may r e q u i r e some adjustment.
Disadvantages encountered when employi n g l i m e p r e c i p i t a t i o n are: l i m i t a t i o n o f metals removal due t o s o l u b i l i t y c o n s t r a i n t s o f t h e metal hydroxides f o r v a r i a b l e wastewater m a t r i c e s ; i n t e r f e r e n c e s associated w i t h complexing agents, e.g., cyanide, e t h y l e n e diamine t e t r a a c e t i c a c i d (EDTA) etc., and d i f f i c u l t y encountered when s t a b i l i z i n g metal hydroxide sludges.
( 3 ) Magnesium Oxide P r e c i p i t a t i o oOne p r e c i p i t a t i o n agent which has shown promise f o r removal o f heavy metal i o n s i s magnesium oxide.
t r e a t i n g process waters S c h i l l e r , e t a1 ., o f t h e U.S.
Bureau o f Mines have shown i n a research study t h a t magnesium o x i d e (HgO) has many advantages over l i m e o r c a u s t i c soda f o r p r e c i p i t a t i n g metal hydroxides. ( 6 )
To improve technology f o r F i g u r e 2 . I n s o l u b l e S u l f i d e Process ( 2 ) Lime P r e c i p i t a t i o n -Lime p r e c i p i t at i o n i s a we1 1 -estab1 i shed process, perhaps t h e most commonly used process f o r t r e a tment o f aqueous metal b e a r i n g wastes. Lime ( i n s l u r r y o r s o l u t i o n ) o r c a u s t i c soda i s added t o t h e waste as a source o f hydroxide i o n r a i s i n g t h e pH t o a s u i t a b l e l e v e l f o r optimum p r e c i p i t a t i o n of t h e metal hydroxides. ( 3 ) The metal hydroxide p r e c i p i t a t e forms a f l o c which i s afterwards removed from t h e water by g r a v i t y s e t t l i n g o r Due t o t h e decreased s o l u b i l i t y o f t h e magnesium complex, lower sludge volumes a r e produced as t h e hydroxide sludge becomes more compacted.
The MgO-metal hydroxide sludge a1 so cements t o g e t h e r upon standing, t h u s h i n d e r i n g resuspension o f t h e metal ions. One f a c t o r c o n t r i b u t i n g t o t h i s phenomenon i s t h e p o s i t i v e s u r f a c e charge on YgO complementing t h e n e g a t i v e s u r f a c e charge on most heavy metal hydroxides. Hence, water i s e x p e l l e d from t h e spaces between t h e p a r t i c l e s y i e l d i n g a more condensed s o l i d . Also, MgO-hydroxide sludge i s more e a s i l y dewatered.
Reduct i o n -
Chemical r e d u c t i o n has gained acceptance i n i n d u s t r y f o r reducing complexed metal s , such as n i c k e l , copper, hexavalent chromium waste, s o l u b l e lead, s i l v e r , metal -c o n t a i n i n g cyanide and mercury. i c a l r e d u c t i o n i s most e f f e c t i v e when t h e aqueous metal wastes a r e r e l a t i v e l y devoid o f organic compounds. Chromium i s t y p i c a l l y reduced f roin t h e hexavalent t o t r i v a l e n t form by a d d i t i o n o f sodium s u l f i t e s a l t s , s u l f u r d i o x i d e and s u l f u r i c acid. I r o n , aluminum and z i n c have shown p o t e n t i a l f o r reducing chromium wastes. Sodium borohydride (NaBH4) has r e c e n t l y shown promi se f o r reducing and removing sol u b l e lead, i n c l u d i n g organo-lead s a l t s , from t e t ra-a1 k y l 1 ead manufacturing wastes ( 7 ) . Table 3 . Ferrous I o n P r e c i p i t a t i o n -Waste p i ck l e l i q u o r i s f r e q u e n t l y used t o i n it i a t e a r a p i d r e a c t i o n w i t h f e r r o u s i o n s under a c i d i c c o n d i t i o n s . Chromic hydroxide i s formed w i t h i r o n hydroxides and i s p r e c i p i t a t e d under a1 k a l i n e c o n d i t i o n s . Ttle r e s u l t a n t p r e c i p i t a t e i s f i l t e r e d f o r removal.
Chem-T y p i c a l hazardous wastes t r e a t e d by chromate r e d u c t i o n a r e l i s t e d i n

Adsorption
Adsorption i s a separation process which concent r a t e s mol ecul es a t a c o n t a c ti n g surface w i t h o u t undergoing a chemical r e a c t i o n .
I n general, adsorption systems have seen 1 i m i t e d appl i c a t i on i n t r e a t i n g h i g h e r s t r e n g t h metal b e a r i n g hazardous 323 wastes. Although adsorption systems have t r a d i t i o n a l l y been used t o p o l i s h e f f l u e n t s from aqueous waste s t reams c o n t a i n i n g organi c compounds, recent s t u d i e s have shown p o t e n t i a l f o r use i n t r e a t i n g and p o l j s h i n g aqueous metal h e a r i n g wastes.
Laboratory work has been conducted t o demonstrate t h e f e a s i b i l i t y o f u s i n g a c t ivated carbon t o t r e a t cadmium ( 2 ) -c o n t a i ni n g wastes (D006) ( 8 ) . Two schemes were proposed f o r t h e treatment o f t h i s waste:
(1) completely mixed f l o w r e a c t o r (CMFR) and ( 2 ) column r e a c t o r (CR). I n t h e CYFR, powdered a c t i v a t e d carbon (PAC) was added t o e f f e c t treatment and i n t h e CR a c t i v a t e d carbon beads c o n t a i n i n g 70% PAC t o 30% p o l y v i n y l alcohol and glutaraldehyde were u t i l i z e d .
It was demonstrated t h a t a c t i v a ted carbon appeared t o be economically comparbl e t o i on-exchange and a1 k a l i ne n e u t r a l i z a t i o n / p r e c i p i t a t i o n methods. One disadvantage encountered was t h a t removal of cadmium i s i n h i b i t e d hy t h e presence o f cyanide which can form r e l a t i v e l y nonadsorbable cadmium ( 2 ) -cyani de complexes.
The process i s g e n e r a l l y pH s e n s i t i v e . 
NVckel (>60%), copper (100%) and i r o n (85%) removals were observed.
I r o n f i li n g s a d s o r p t i o n o f aqueous wastes c o n t a i ni n g complexed m e t a l s appears t o be a very promising a l t e r n a t i v e t o conventional t r e a tment when c o n s i d e r i n g t h e c o s t and r e s t r i ct i o n s o f sludge disposal.
Cyanide D e s t r u c t i o n
One o f t h e major sources o f generated cyanide waste i s t h e e l e c t r o p l a t i n g indust r y . l i c i o n s such as z i n c and cadmium i n s o l ut i o n . When t h e "drag-out" o f p l a t i n g s o l u t i o n c o n t a i n i n g cyanide i o n s contaminates r i n s i n g baths, a wastewater i s genera t e d which must be t r e a t e d .
Cyanide baths are used t o h o l d metal-
Cyanide appears i n waste r e s i d u a l s , i n two forms as an " i o n i z e d cyanide" i n t h e form o f sodium cyanide (NaCN) and hydrocyanic a c i d (HCN) o r as a complex w i t h heavy metals, e.g. ferro-cyanide, n i c k e l cyanide o r copper cyanide. species come i n t h e form o f i n o r g a n i c compounds such as t h i o c y a n a t e s and cyanates which a r e e a s i l y removed from waste streams by u s i n g an assortment o f treatment processes. Various methods f o r t r e a t i n g cyanide wastes have been employed, w i t h cyanide d e s t r u c t i o n v i a a l k a l i n e c h l o r i n a t i o n b e i n g Other cyanide ( K a s t o n e ( R ) ) and i r o n cyanide p y r o l y s i s ( 1 ) .
Although n a t u r a l degradation i n c l u d i n g o x id a t i o n , b i o d e g r a d a t i o n and photo-riecomposit i o n w i l l reduce cyanide c o n c e n t r a t i o n s i n aqueous wastes
given enough time, a recent stiidy has reported successes w i t h ozonation, ion-exchange, a c t i v a t e d carbon, reverse osmosis, e l e c t r o d i a l y s i s , e l e c t r l y t i c hyd r o l y s i s and t i t a n i u m oxide/UV. l8 Two o f t h e most p r e f e r r e d treatment o p t i o n s a r e l i s t e d below.
(
) prominent, w i d e l y used treatment o p t i o n employed t o date, a l k a l i n e c h l o r i n a t i o n may be accomplished by d i r e c t a d d i t i o n o f sodium h y p o c h l o r i t e o r by a d d i t i o n o f c h l o r i n e gas w i t h sodium hydroxide. c h l o r i t e , perhaps t h e most w i d e l y used o x i d i z i n g agent, r e a c t s w i t h cyanide i n t h e f o l l o w i n g manner:
A l k a l i n e C h l o r i n a t i o n -As t h e most 
3CL' + OH conversion t o Cg2 and n i t r o g e n --I f t h i o c y a n a t e s a r e present, t h e demand f o r c h l o r i n e i s p r e f e r e n t i a l , t h e r e f o r e , r e q u i r i n g more oxidant. This process cannot e f f e c t i v e l y t r e a t simple o r comp l e x copper cyanides, z i n c cyanide and i r o n cyanides due t o t h e i r low s o l u b i l i t i e s .
a r e amenable t o a l k a l i n e c h l o r i n a t i o n :
The f o l l o w i n g cyanide b e a r i n g wastes
RCRA
Waste
Code Waste P106 Sodium cyanide PO98 Potassium cyanide PO21 Calcium cyanide PO13 Barium cyanide ( t h e t r e a t e d waste r e q u i r e s subsequent t r e a t m e n t by t h e s u l f a t e p r e c i p i t a t i o n Drocess) used most f r e q u e n t l y .
U n i t processes r e p o r t -PO83 Hydrogen cyanide ( i n aqueous' solue d t o s u c c e s s f u l l y t r e a t cyanide and cyanide ( 2 ) I n c i n e r a t i o n -I n c i n e r a t i o n has been used t o d e s t r o y gaseous hydrogen cyanide, gaseous cyanogen, o r g a n o n i t r i l e s and o r g a n i c isocyanates a t e l e v a t e d temperatures.
Several types o f i n c i n e r a t o r s such as l i q u i d i n j e c t i o n , r o t a r y k i l n and f l u i d i z e d b e d a r e capable o f t r e a t i n g t h e s e wastes. Isocyanates are converted t o Cop, Ni), and H 0 l e a v i n g l i t t l e i f any t o x i c r e s i d u a l s . d e f o l l o w i n g cyanide wastes may be t r e a t e d by i n c i n e r a t i o n , although p r o v i s i o n must be made t o c o n t r o l s t a c k gas emissions.
RCK4
Waste Code
Hydrogen cyanide (as gas) . _ A c e t o n i t r i l e Yet hy 1 ac ry 1 on i t r i 1 e Propane n i t r i l e A c r y l o n i t r i 1 e P r o p i o n i t r i l e Methyl isocyanate 2 -m e t h y l a c e t o n i t r i l e 3-Chl oropropaneni t r i 1 e 2-hydroxy-2-methyl p r o p a n e n i t r i 1 e Cyanogen Waste streams f o r a c r y l o n i t r i l e and a c e t o n i t r i l e p r o d u c t i o n Tar sludges from c o k i n g o p e r a t i o n s To1 uene d i isocyanate WASTE REDUCTION AND RECOVERY I n t e r e s t i n e s t a b l i s h i n g c e n t r a l i z e d treatment and recovery systems f o r t r e a t i ng -. heavy metal wastes i n l a r g e m e t r o p o l i t a n areas has spurred many s
t u d i e s t o demonst r a t e waste r e d u c t i o n and recovery t e c h n o logies. With t h e h i g h c o s t o f raw m a t e r i a l s and pending l a n d d i s p o s a l r e s t r i c t i o n s reclamation o f r a w m a t e r i a l s f r o m waste streams can be t h e treatment o p t i o n o f choice. EPA s t u d i e s i n d i c a t e t h a t a l a r g e p a r t o f t h e o p e r a t i o n a l c o s t s would be s u b s i d i z e d by t h e s a l e o f t h e recovered m e t a l s (12).
Economic f e a s i b i l i t y o f m e t a l s recovery o p e r a t i o n s a r e p r i m a r i l y dependent upon t h r e e f a c t o r s :
1. Metal t y p e and c o n c e n t r a t i o n ; 2. A v a i l a b i l i t y o f s i g n i f i c a n t quan-
Reduced ope r a t i n g c o s t s f o r 'I end -o f -p i p e" p o 1 1 u t i on c o n t r o l can he a s i g n i f i c a n t f a c t o r , p a rt i c u l a r l y when c o n s i d e r i n g t h a t t h e s e c o s t s may r i s e i n response t o t h e HSWA. Evaporation used t o concentrate r i n s e water and r e c y c l e "drag-out" back t o t h e p l a t i n g bath. i n -p l a n t s e p a r a t i o n process r e p r e s e n t s a sound waste m i n i m i z a t i o n p r a c t i c e . i l l u s t r a t e s two types o f systems which have been employed: which t o t a l l y e l i m i n a t e s a water d i s c h a r g e from t h e p l a t i n g process, and r e q u i r e s subs t a n t i a l make-up water t o s a t i s f y r i n s i n g requirements and 2) an open-loop system w i t h l o w e r o p e r a t i n g c o s t s as a r e s u l t o f l e s s make-up water. However, w i t h t h e open-loop system a wastewater d i scharge i s generated.
Ion-Exchange
Ion-exchange ( I / E ) and r e s i n adsorpt i o n systems o f f e r a v e r s a t i l e s e p a r a t i o n process w i t h wide a p p l i c a t i o n t o t h e metal f i n i s h i n g i n d u s t r y .
I / E has a l l t h e advantages o f e v a p o r a t i v e processes f o r recovery. I n a d d i t i o n , i t can serve as a p o l i s h i n g s t e p a f t e r conventional wastewater t r e a t m e n t and p u r i f i c a t i o n o f l i q u i d s ( a c i d s , bases, water, etc.).
By d e f i n i t i o n , I / E i s a s e p a r a t i o n technology which removes v a r i o u s i o n i c species from s o l u t i o n v i a interchangi n g r e v e r s i b l e i o n s between t h e s o l u t i o n (aqueous waste) and t h e exchanger (e.9. Tare, e t . a l . (14) described t h e k i n e t i c s f o r metal i o n removal by c h e l a t i n g I/E r e s i n s . i n g organics (such as c i t r a t e , EDTA, and t a r t r a t e ) and i n o r g a n i c l i g a n d s (CL, F, PO4, etc.) i n d i l u t e metals waste make chemical s e p a r a t i o n processes ( i .e. p r e c i pi t a t i o n ) n o t f e a s i b l e .
C h e l a t i n g I/E r e s i n s o f f e r an a l t e r n a t i v e t o t r e a t i n g t h e s e complexed wastes.
I n another study, Yaeda (15) i n v e s t igated t h e i n f l u e n c e o f p o r o s i t y f o r several macroret i c u l a r chel a t i ng r e s i n s (RST) cont a i n i ng t r i e t h y l e n e -t e t rami ne w i t h d i f f e re n t p o r o s i t i e s . R e s u l t s i n d i c a t e d t h a t l a r g e pore r a d i u s RST's proved t o be more . p r a c t i c a l f o r removal and recovery o f heavy metal i o n s from an i n d u s t r i a l metal b e a r i n g waste.
The I / E process can be manifested
Several s t u d i e s have been conducted
The presence o f s t r o n g l y complex-L i q u i d ion-exchange i s a r e l a t i v e l y new process Mhich combines t h e concepts o f I / E and l i q u i d -l i q u i d e x t r a c t i o n f o r t h e recovery o f metal i o n s from wastes.16 appl i c a t i on has shown promise f o r t r e a t i n g t h e more d i l u t e metal wastewaters. L i k e r e s i n systems, t h e a c t u a l exchange takes p l a c e when t h e s o l u t i o n o f metal-ions, upon c o n t a c t w i t h t h e e x t r a c t a n t , produces an u n s t demonstrated t h e use o f a c e l l u l o s e a c e t a t e membrane t o concentrate t h e "drag-out" from p l a t i n g s o l u t i o n s . Both t h e concentrate and p u r i f i e d water a r e recycled. t h i s t y p e o f membrane i s pH s e n s i t i v e and i s p r i m a r i l y used t o t r e a t W a t t ' s n i c k e l A study by Crampton (12) Table 4 presents RO t e s t d a t a f o r s i x common p l a t i n g b a t h r i n s e s (17). 
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Hard C r 551130 -Cr6+ 92 P o t e n t i a l problems w i t h RO systems stem from membrane f o u l i n g due t o suspended p r e c i p i t a t e d s o l i d s c o a t i n g t h e membrane surface, p r e c i p i t a t i o n o f s a l t s i n t h e concentrate, membrane d e t e r i o r a t i o n due t o chemical a t t a c k and f o r h i g h e r s t r e n g t h wastes, h i g h l e v e l s o f d i s s o l v e d s o l i d s i n t h e permeate.
I n e l e c t r o d i a l y s i s systems an e l e c t r ic a l p o t e n t i a l i s a p p l i e d across t h e membranes t o p r o v i d e t h e d r i v i n g f o r c e f o r i o n passage through t h e membranes. Membranes used i n t h i s process are " t h i n sheets" of t h e same polymeric network used t o make I I E r e s i n s . a r e t o 1 e r a n t o f most chemical envi ronments. Another variance e x h i b i t e d by e l e c t r o d i a l ys i s over RO systems i s t h e p r o p e n s i t y t o separate water from t h e s a l t by s e l e c t i v e removal o f t h e s a l t , r a t h e r than concentrat i n g t h e s a l t from s o l u t i o n .
U n l i k e RO systems these membranes E l e c t r o l y t i c Recovery E l e c t r o l y t i c recovery i s one of t h e many t e c h n o l o g i e s u t i l i z e d t o remove and c o n c e n t r a t e metals from process waste streams.
T h i s process uses e l e c t r i c i t y t o pass a c u r r e n t through an aqueous metal b e a r i n g s o l u t i o n between a cathode p l a t e and an i nsol u b l e anode. P o s i t i v e l y charged m e t a l l i c i o n s c l i n g t o t h e n e g a t i v e l y charged cathodes l e a v i n g behind a metal d e p o s i t which i s s t r i p p a b l e and recoverable. I n i t i a l l y used t o recover g o l d and s i l v e r , i t s use i n r e c o v e r i n g l e s s p r e c i o u s metals has been l i m i t e d . However, new i n t e r e s t has been given t o t h i s promising recovery t ec hnol ogy . s i t y o f Maryland have demonstrated t h e f i n i s h i n g r i n s e waters (18). The d e p o s i t i o n o f copper i o n s a f t e r c o n t a c t i n g d i l u t e d aqueous metals s o l u t i o n o n t o a packed g r a p h i t e bed was s t u d i e d . study i n d i c a t e d t h a t z i n c recovery from p l a t i n g b a t h r i n s e waters, which c o n s i s t e d o f a d i l u t e z i n c cyanide s o l u t i o n , was achievable. A batch electrochemical r e a c t o r w i t h s t a i n l e s s s t e e l e l e c t r o d e s was employed. The c o n t r o l l i n g f a c t o r i n achievi n g h i g h r a t e s o f z i n c d e p o s i t i o n appeared t o be a g i t a t i o n . mechanical m i x i n g and n i t r o g e n gas a e r a t i o t . were b o t h e f f e c t i v e .
NaCl was added t o m a i n t a i n a minimal c o n d u c t i v i t y 1 eve1 .
Higher c u r r e n t d e n s i t i e s e l i c i t e d h i g h e r d e p o s i t i o n r a t e s as opposed t o lower c u r r e n t d e n s i t i e s . One n o t i c e a b l e disadvantage was t h a t c o r r o s i o n c o u l d p l a y a s i g n i f i c a o t l i m i t i n g f a c t o r . Electrodes would have t o be replaced f r e q u e n t l y .
Walters and V i l a g l i a n a o f t h e U n i v e r - 
